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Status of T2K

Akira Konaka (TRIUMF)
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νµ

νX

ND280

Super-Kamiokande

JPARC

T2K experiment

295km

• Long baseline neutrino oscillation
   experiment from Tokai to Kamioka.

• !µ"!e appearance to measure !13,   

    which leads to CP violation studies.
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Off-axis neutrino beam

• Narrow band beam tuned at 

the oscillation maximum

– Off-axis " beam (2.5 deg.)

– Maximize " oscillation

– Suppress backgrounds from 
high energy tail, beam "e

• Sub-GeV " beam (0.5-1GeV)

– CCQE("µn#µp) dominates
E" reconst. by µ momentum

– Works well for water Cerenkov 
(Super-K)
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!" disappearance

• P(!"#!")=1-sin22$23sin2(1.27!m2L/E!)

 sin22$23=1 or <1?

• Oscillation pattern in SuperK rate

 sin22$23 : Depth of E! dip

 !m2
23 : Position of E! dip

• Backgrounds

 CC1", NC1"

• 5 year sensitivity
#(sin22$23)$0.01

#(%m23
2)$0.0001eV2

4

                                                     

                                                        



2009 June 18 Status of T2K                Akira Konaka(TRIUMF)            

!e appearance

• P(!"#!e)&sin2$23sin22$13sin2(1.27!m2
13L/E!)+ CP viol.+...

  $13'0?

• Backgrounds

  NC"0, beam !e

• 90% CL sensitivity 

  sin22$13&0.006 for 750kWx5yr

• CP viol. contribution not small

  CP study in the 2nd phase

  Complementary to reactor $13
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!e appearance sensitivity
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J-PARC 
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ND280 Target station
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MW class proton beam

• High intensity

– Large number of protons per bunch

• space-charge effect to be controlled

– Rapid cycling

• high gradient RF : FINEMET magnetic alloy (new!)

• Control beam loss for hands-on maintenance

– Good monitoring and control of the beam

• good reproducibility, residual gas monitor

– Imaginary transition energy

• first large accelerator to adopt this

• Beamline

– Large aperture magnets to reduce beam loss

– Remote maintenance at the target station
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Beam power ahead of schedule

9

S. Nagamiya

@ICFA seminar

Design goal
 0.75MW

at Main Ring.
Eventually
upgrade to
! 3-4MW

Linac upgrade
funding started
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K.Nishikawa @ FNAL users meeting
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Beam commissioning has been accomplished on schedule, 
BUT with low intensity.
Real challenge toward the power frontier machine just started.
1. Many issues (unreliable components, design etc.) to be solved
2. Beam must be provided to the users 
3. Power upgrade should be also accomplished steadily. 
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K.Nishikawa @ FNAL users meeting
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Beam commissioning has been accomplished on schedule, 
BUT with low intensity.
Real challenge toward the power frontier machine just started.
1. Many issues (unreliable components, design etc.) to be solved
2. Beam must be provided to the users 
3. Power upgrade should be also accomplished steadily. 

Three serious issues
• RFQ discharge problem: identified problems in 
   vacuum, material, and fabrication. Are there more problems?
• RF core long term stability problem: Thermal stress : analysis/design
• Stability of MR power supply and beam loss
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K.Nishikawa @ FNAL users meeting
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Beam commissioning has been accomplished on schedule, 
BUT with low intensity.
Real challenge toward the power frontier machine just started.
1. Many issues (unreliable components, design etc.) to be solved
2. Beam must be provided to the users 
3. Power upgrade should be also accomplished steadily. 

Three serious issues
• RFQ discharge problem: identified problems in 
   vacuum, material, and fabrication. Are there more problems?
• RF core long term stability problem: Thermal stress : analysis/design
• Stability of MR power supply and beam loss

• Clearly need major improvements for MW operation
• No problem for fast extraction with a level of 100kW operation 
• Need more stability for slow extraction
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K.Nishikawa @ FNAL users meeting
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Neutrino

1. Early achievement of 100kW run (for 107 sec, in 2010) 

2. Work on power upgrade scenario from 100 to 750kW.(2011~ )

3. The above second step should be the base of the MW-class power 

        frontier machine.  



2009 June 18 Status of T2K                Akira Konaka(TRIUMF)            12

Neutrino 
beamline

• 5 year construction 

2004~2009
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Neutrino 
beamline

Target

Superconducting D-Q 

combined function magnet

Horn magnetND280 building.

UA1 magnet at ND280

Deacay volume

Beam Dump
Target station

• 5 year construction 

2004~2009

http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG
http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG
http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG
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Optical Transition Radiation (OTR) monitor

• Beam profile monitor in front of the 
1MW target 

• OTR light from Ti foil is transferred to 
rad-hard camera through shielding

13
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Remote maintenance at target station

14

• Horn, target, and monitors are supported from the top
with iron/concrete shieldings in between.

• Remote crane to bring each component to the service cell
Maintenance work done using manipulator in the cell
Sophisticated replacement mechanism developed for 
each component, in particular the target.



2009 June 18 Status of T2K                Akira Konaka(TRIUMF)            15

T2K beamline started operation!

14

After ~10 shots for tuning, proton 

beam hit around target center

Horn

Off

Horn

250kA

MR intensity

Proton beam profile monitor along nu beamline

OTR detector just in front of target  (fluorescence plate)

Muon monitor (Silicon detector) profile
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Neutrino facility commission

• Successful commission of the beamline

– Tuning of extraction parameters to 0.3mm/0.04mrad

– Beamline orbit was tuned to within 3mm level 

– Combined function SC magnet worked well

• FODO lattice transport beam even with 2cm offset

• All the beam monitors worked as expected

• Horn focus was demonstrated with one horn

– Rest of the two horns will be installed in summer

• Passed the government radiation safety inspection

– 0.14kW (1.7x1011p/bunch/6sec) operation for 40min.

– 1.13 kW (7.1x1011p/bunch/6sec x2bunches) for 30 sec.

16
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Expected Beam analysis

• Near to far extrapolation

– Beam direction measurements $!=1mrad

• Beam position at the target (OTR): 1mm#1mrad

• Muon monitor behind the beam dump: 5cm#1mrad

• On axis near detector : 25cm#1mrad

• Neutrino energy peak at near detector : 2%#1mrad

– Parent % momentum distribution

• Hadron production by NA61
(data analysis in progress)

• Near to far extrapolation is not
so strongly dependent on P%

• Monitor beam stability
17

NA61(SHINE)
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Near detector (ND280)

18
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Off-axis near detector 

19

Neutrino detectors surrounded by 
the UA1 magnet from CERN
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Time Projection Chamber (TPC)

• Requirements

– momentum resolution<10% 

– dE/dx resolution <10%

– Energy scale resol. <2%

• Design 

– Double box structure

– Cupper clad G10/rohacel

• remove cupper between strips using router

– Micromegas readout

– Custom ASIC with SCA (AFTER)

– Ar-CF4-iC4H10 (inner) and CO2 (outer)

• $P<0.1mb between inner and outer volume
20
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TPC construction 

21

Gas racks

AFTER ASIC

Micromegas

Centeal cathode with laser target
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Fine Grained Detector (FGD)

• Target mass for " interaction

– 2mx2mx30cm (<1 int. length)

– one with water layers 

• Detect secondaries around vertex

– Fine granurality (1cmx1cm)

– Extruded scinti. with WLS fiber 

– MPPC (SiPM) readout

– 10µsec wave form digitizer for
Michel electron (AFTER ASIC)

22
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FGD construction

23

8.5k ch of 50MHz waveform

Extruded scintillator

MPPC

WLS fiber

LED

Front end electronics
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Near detector asmbly

24

FGD&TPC beam test at TRIUMF P0D assembly at J-PARC
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TPC dE/dx

25

FGD Energy vs. range for muons

TPC/FGD track match

M11 Beam 

test results
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Expected ND280 analysis

• (" flux) x (cross section) 

– CCQE : hadronic/nuclear uncertainties

• “Kinematic” & “Calorimetric” ways

• Peak energy provides " direction 

– Electron ID for "e detection 

• TPC dE/dx, downstream Ecal

• Background cross sections

– CC1% : 

• P% and PID (dE/dx) by TPC [% entering TPC]

• E% and PID (dE/dx, Michel) by FGD [% stop in FGD]

– NC1%0 : P0D, Ecal

26

!µ n " µ p
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CCQE cross section

• Larger effective MA (cross section) in 

the 1GeV region with carbon target

• Nuclear/hadronic effects need to be 

understood.

27

MinibooNE preliminary result (T.Katori)
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Two ways to reconstruct E! 

28

!µ + A " µ + p + (A-1)

E! = Eµ +Ep +M(A-1) - MA

• Kinematic way 

– Method used at low energy 
e.g. SuperK, MiniBooNE

– Only µ information is needed
and little hadronic uncertainty 
⇒ TPC for PID and Pµ 

– Nuclear uncertainties, such as
Fermi motion, Pauli blocking

• Calorimetric way 

– Method used at high energy
e.g. MINOS, OPERA

– Nucleus carries little energy
⇒ avoid nuclear uncertainty

– Uncertainty in hadron (proton) 
energy measurement
⇒ Detect/identify each hadrons

   FGD around the vertex
   TPC detects before interaction

Comparing two method to untangle the nuclear and hadronic uncertainties
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Super-Kamiokande

• SK fully recovered (2006) SK-III 

– PMT’s with acrylic/FRP cover

• Electronics/DAQ upgrade SK-IV

– High speed, deadtime-less

– Software update and detailed 

calibration is getting ready.

– Took T2K trigger data during the 

beamline commissioning.

29
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Expected SK analysis 

• Input cross sections from 
ND280, miniBooNE etc.

– "µ disappearance

• CC1%, NC1%

• Very sensitive to % momentum

– "e appearance

• NC1%0, beam "e

• Calibration of the SK responses

– Optical parameters

– PMT response

– More stringent study
may be required

30
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Future of T2K

• New far/intermediate detectors for CP
Water Cerenkov or Liquid Argon

– Hyper-K (300km)

– Korea (1100km)

– Okinoshima (600km)

– 2km detector

• Accelerator upgrades

– 400MeV linac

– Faster cycling, more #p

• Future depends on the size
of !13
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Summary

• T2K beam line was commissioned successfully 

– Accelerator worked well but some concerns

• New RFQ is expected to be installed in summer 2010

– All the beamline component worked, including the 
combined function superconducting magnet

– Commissioning with three horns to take place in fall 09

• Near detector construction/installation is on schedule 
to be redy for the physics run from January 2010

– 100kW(13% of design) x 107sec is expected in 2010

• SK-IV is up in running 

• Physics results expected in a couple of years!
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